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ADEQUATE UTILIZATION OF GPS RESOURCES TO PROMOTE THE ^ 
DEVELOPMENT OF CHINA'S AVIATION INDUSTRY 

Xu Guozhen 

ABSTRACT 

After going through numberless calamities, setbacks, and 
dhf^Si  ?V;iayS/ the GPS (9lobal Positioning system) project, 
which lasted 20 years, finally announced the completion of 
deployment of the GPS satellite constellation which includes 24 
u®Z t       '   following the sending of the last GPS satellite into 

orbit by the U.S. in the middle ten days of April 1993. 
GPS is one of the biggest developments in the field of 

aviation and space navigation/monitoring technology since the 
introduction of radio navigation 50 years ago.  The impact of GPS 
on aviation is particularly profound.  The reason is that, due to 
its success, it allows us, for the first time in history/to 
achieve a basic system which is capable of guiding all flight 
phases.  1993 was the first year that the GPS aviation market 
ii=Ci^finLairurfft and afrfiel<*s) really took off.  The reason 
was that the whole satellite constellation had gone into 
operation, creating the conditions for aviation applications 
associated with high precision and global coverage: 
o=* ^\receniT years>   internationally, global navigation 
K££i   -Y?   ^GNS•]'  Using GPS as a foundation, as well as future aerial navigation system (FANS), using GNSS as a 
foundation, have come forward one after the other.  Both of these 
are important applications of GPS in aviation.  Obviously, the 
appearance of new technology will bring important benefits for 
aVia!:10n. Clr^lef •  However, it also presents new challenges.  In 
™??«J?„ l^l I  th?Se Very Promisin9 new technologies using a 
realistic attitude, let us begin from investigating GPS 
PhT^?Pmen^-dlrfCt^°nS and aPPlioation prospects, combining 
Sn n^ a

na  nai1
SltUatl?n' to seek out the work which we should 

o? rit  ?  capable of doing, in expectation of making better use 
industry? °       Promote the development of China's aviation 

KEY TERMS GPS navigation Precision landing Air traffic control 



1 The Battle Around GPS Management Jurisdiction 

The GPS global positioning system is a strategic project of 
enormous scale the development of which was done by the U.S. 
Department of Defense.  From the day the execution of the project 
began, it was in the realm and under the control of the U.S. 
military.  Up to now, a network of 24 satellites has been 
initially set up.  The U.S. Defense Department has already 
invested 10 billion U.S. dollars.  After that, in order to 
realize monitoring and control, adjustments, and supplementation 
of the GPS satellite constellation, each year, the U.S. Air Force 
will still pay at least 500 million U.S. dollars in maintenance 
costs. As a result, there are dual considerations in military 
terms and economic terms.  Within the U.S. domestically as well 
as between the U.S. and other nations, disputes associated with 
management jurisdiction surrounding GPS applications become 
clearer and sharper by the day. 

(1)  Control Questions 
Due to the fact that GPS was primarily designed for military 

missions, the Clinton government hopes—with a presupposition of 
guaranteeing conformity to the requirements of national security- 
-to strive to reach a maximum number of civilian users.  In 
conjunction with this, it is claimed that this is one type of 
development which Clinton wants to see.  However, the U.S. 
military has believed all along that its exercising of control 
with regard to GPS is a problem of legality, stressing that "even 
into the next century, the Defense Department will still be the 
manager of GPS».  The military is concerned that, due to the fact 
that, in military activities, the possibility of opting for the 
use of satellites is in the midst of becoming more and more /2 
obvious, »the U.S. must limit the military departments of other 
nations opting for the use of space based spy satellites and 
navigation networks».  For this reason, the U.S. firmly maintains 
the implementation of two types of accuracy levels with regard to 
GPS users (that is, the P code, which pertains to precision 
positioning, and the standard positioning C/A code) for service. 
In conjunction with this, in September 1992, together with the 
Department of Transportation, GPS operating capabilities were 
redefined in order to facilitate the adding of distinctions with 
regard to military and civilian users. 

Most recently, when the U.S. Defense Department discovered 
that, in the markets of the Middle East, a type of GPS receiver 
was being sold which had a price of only 729 U.S. dollars, it was 
decided to draw up further plans for a series of classifications 
in order to strengthen control with regard to the export of GPS 
receivers.  It is said that preparations are also being made to 
dispatch military monitoring personnel to plants that produce 
receiver antennas. 

In order to put an end to this long and drawn out 
controversy surrounding GPS control jurisdiction, the U.S. 
Department of Transportation and Department of Defense put to 



rest »disputes associated with the operations, technology, and 
organizational systems with respect to expanding civilian use of 
GPS",  in June 1993, a Defense Department-Transportation 
Department combined special operating team was set up.  its 
mission is combined review with regard to the development of GPS 
applications in order to facilitate making this satellite svstem 
developed by the military, to be capable of being effectively  ' 
used for the two military and civilian objectives.  Review 
reports are planned to be completed at the end of 1993.  However 
according to disclosures, in order to decide civilian uses of 
military technology, and, in conjunction with that, to also 

isaaaSo«^^^f,adSrShip P°sition.of the U.S., from now on, there 
is a possibility of carrying out investigations with regard to 
civilians making use of GPS. 

(2)  Jamming Problems 
„ -I-. ^hn.3U*S* miiitarY has  faeen concerned right along with the so 
called »danger of GPS abuse».  However, like all similar frontier 
technologies, the commercial value of GPS is extremely great 
The reasons are: ^ 

--absolutely military or civilian technology does not exist 
Technology is neutral.  People can make any technology possess ' 
dual capabilities; 

—natural laws are universal.  They will not change from one 
country to another.  The only possibility of securing the entire 
contents is in technologies in engineering and manufacturing; 

—a number of technologies which are most useful in militarv 
matters are equally important when speaking of civilian uses. 
Technological progress in one field can also be transfered to 
another field. 

For this reason, the problem of strictly controling the 
*SPVT0!  *\ fi;elds of GPS "in become very difficult.  The idea 
the U.S. military has for a method of determination is to opt for 
the use of a traditional military method of doing things— 
jamming. ^    y 

The first method of jamming is simply shuting down GPS 
satellites—at least, when flying over the air space of local 
regions where dangers exist.  However, following along with the 
rapid expansion of GPS applications, a global commercial system 
will be set up in the future.  Therefore, this type of method of 
shuting down is not workable, unless it is possible to obtain 
global cooperation. in 

The second type of method is opting for the use of secure P 
code in military receivers.  In navigation satellites which have 
SvSia?nCh?? recent^' there is * type of electronic jamming 
system in all cases m order to make navigation signals 
distorted.  Military receivers which opt for the use of P code 
possess a type of specialized computer chip,  it is capable of 
making this type of electronic jamming be bypassed. Moreover, in 
P code receivers, it is also possible to install a type of 
controlable reception pattern antenna (CRPA).  This type of 
2?^n?a-1S ?apablf °f d?tectin9 Jamming signals,  in conjunction 
with this, the antenna is made to be not sensitive in the 



ccSSJ°^i^e
0^iaiS?

reby fUrthSr lengthening its own 
The third type of method is primarily directed toward 

sayfe"?SeeuT Seni/n^T  ?'?• Def^  ^P-tmenTomcials J?L«f-   ?   Defense Department has right along paid serious 

it^2j£*«° an? tY?? °f f0rm Which is capable of  countering 
' fsI)~iS^rt;?°JSghthrSUgh*the U^-°f "selecti°n availabilities» 

The U q ,?™ „£° broadca,s.t Precision positioning information». 
The U.S. does not oppose limited scope difference GPS technoloav 
The reason is that DGPS installations--^ the unlikely event of' 
wadTraI!-be ShUt °": H°Wever^ difference calSrat?ons over a 
"?nn

r  f
on ^an that a^Y Person is capable of making use of 

S;S ?PS eguipment in a11 cases, guiding their weapons 
within global ranges,  in particular, it very, very greatlv 
increases the homing precision of cruise missiles,  if this is 
the ST'n^nf!; *ervices Jhen become meaningless.  As a result, 
tne U.S. Defense Department is very much on guard against this 
problem and is in the midst of looking for rlally p?ac?icable 
ways of limiting DGPS services.  However, following a^g wl?h 
i^4:^-OPmen^ °f m°dern technology, these jammings can be 
i2Sf?   !'     example, users are capable of carrying out the 
arfresSonfib?e^T/^h re*ard.to the radio cWlinks whiSh 
s^L????°£ ?^H  °  ata transmis.si°n between ground stations and 
satellites, and, in conjunction with that, giving them stroncrer/3 
counter jamming characteristics.  Even in time of wa?, it il    ' 
still very difficult to be discovered and jammed.  Since fu?ure 

it ^S?S?/EPllCa^°nS are n0t Capable of being checked nor is it possible to realize control on a global basis, it is the same 
as saying that each military unit in the world ?s capable of 
making use of DGPS in every case.  Moreover, destroying ground 
SX£}ting.£atlonB °r Inference data links cannS^ove very 
™f^ T ei? e5* -In.this re*ard' the U.S. Air Force is in the 
midst of newly designing the operating characteristics of the 

™£ g!ne.ratfn-?f GPS' hopin* to find a waY ^ terms of whole 
networks to facilitate the ability to execute controls on DGpf 
once a regional conflict has occured. ntroxs on DGPS 

The fourth method is to opt for the use of electronic 
jamming  The U.S. military has a tentative idea about Ssing 
electronic methods during future wars to confuse GPS signals so 

wfi-h°^a?e J°r-ign Weap°ns chan*e course' and> ^ conjunction 
with that, deviate from their targets. However, enemies in the 
same way, are capable of jamming U.S. navigation signals therebv 
causing missiles to miss their targets.  For this rXson,' the  * 
vvt*  ^  o" the.mid?t °f developing a specialized technology. 
Even if enemy jamming device broadcast signals have powers a 

canab?* ^mH^S ^°ngSr tb^n ?PS signals^ GPS receivers are still capable of detecting navigation signals. 
(3)  Problems Collecting Fees 
The ten billion U.S. dollars that GPS has already consumed 

apportions out to 50 U.S. dollars for every taxpayer. Sor^over 
from now on, 500 million U.S. dollar maintenance^ cosis eve?? year 
will then require that each U.S. citizen must continuously pay 



GPS utilization fees beyond their tax burden.  For this reason 

oo?lect°costs
mIrom0aloB ^ V' '° regUire the 9°™«"^ collect costs from global C/A code users is verv areat  unuo„ov 

199? Ml96 t0 d° thls'. 0n the contrary, on 5 September 
1991 the U.S. government—in the International Civil Aviation 
SuÄS I*CA0> "bounced - a meeting, 4he ü's. go^ernLnt 
will provide to civil aviation limited precision global satellT?^ 
navigation service beginning in 1993 tor  at least 10 ya     f 

anvSadSjfar feriCS Peri°d' the U-S- government willYnot collect 
any additional type of fees from users.« in order to dis»? ,,Sr 

ST1™"*5 a S^P fUrther' *  Was a^ain announced 1 e 'S e 
Org;nizI?ionetha?

Uaf?n^eS t0 the international Civil AviaJion 
Sess^Jn no3^ f therJ are any chan^es ^ plans, it will be 

?raSsprSataionaoepartLentn.the ^  D"«" L™nt ™* 
utii *n fummary, with regard to carrying out controls on GPS 
utilization, it is an established policy of the U S militarv 
STSiiS^ facilities *** -ntroLd in the LnSs'of tL 
U.S. military is a question which is certainly a widesoreaduw 
concern.  This problem will necessarily also give rile It  serious 

?fbrinanuor?hifinaV.F°r.thiS rSaS°n' We be^in ^ "his artige to bring up this question in order to facilitate additional 
consideration during the development of chinas uSiUziSiSi of 

as Its6 Found^of °f ^^  GPS/INS Navi^ion Using Inertia 

historv^f^VS^A-* ;vi°niCS imProvement project in the 
•fin« ^- *    ?  * Alr Force.  During the 19 years from 1988 to 
aircraft J^fS3*^1^.*110™ Wil1 be close to 12000 «iJa^ aircraft fitted or retrofitted with GPS receivers primarily used 
b??inonTS10n ??rP°Ses'  The total investment is cloSe tolT 
L1  °" U:S: dollars,  in the area of civil aircraft, on the 
basis of Federal Aviation Administration (FAA) estimates 
commercial aircraft and general aviation aircraft eq^iped with 
SLVfE* gl°ba- satellite navigation systems (GPS oV other 
satellite positioning systems) will be projected as 4000 aircraft 
by the middle 1990's, as 80000 aircraft by the year 2000 and it 
will increase to 200000 aircraft by the year loio? The 

havea^0n fiT  thlS iS that GPS USed in aircraft navigation will have already become an unstopable trend.  Moreover, the 

es^cKnTimoortfn?^ in6rtial S?StemS Wil1 also acc°"nt for an especially important place m navigation applications. 
and inor-ff»?  *!!ars' the mutually complementary nature of GPS 
and mertial guidance systems (INS) has been repeatedly stressed 
teohn^V?65 °f international seminars and scientific and 
technical references.  The reason is that, compared to all 
navigation systems, GPS possesses a compeling advantage in 



accuracy.  However, the special characteristic of inertial 
systems being completely autonomous is still one GPS does not 
possess.  Therefore, GPS and inertial guidance combinations have 
already become an important development trend in aircraft 
navigation.  Table 1 summarizes mutually complementary 
^?ra;t^^stiCS of *he ^°-     Below' further analysis is carried 
out of this type of combination. 

(1)  Advantages of GPS/INS Combined Navigation 
GPS is one type of bounded system.  So long as receivers are 

capable of receiving satellite signals, it is then possible to 
operate.  Pseudo range and pseudo range rate data provided are 
capable of being used in order to calculate position and speed 
errors associated with combined systems. However, inertial 
systems are unbounded.  The errors increase as a function of 
navigation times.  As a result, it is necessary to add  /4 
corrections at fixed intervals.  Taking GPS position data and 
using it to act as continuous or selected corrections with regard 
to inertial system navigation solutions, it is then possible to 
increase the accuracy of inertial systems.  On the basis of 
viewpoints associated with increases in errors, in this type of 
combined system, there is then a possibility of permiting option 
for the use of inertial systems associated with relatively low 

GPS information and information coming from inertial systems 
is used to carry out comparisions.  After that, making use of 
their difference values to act as one type of means to 
J«™?^126-1?6^81 comP°nents' they are capable of being used 
to make aerial alignments of inertial systems, thereby permitinq 

poÄibm?yraft t0 SCramble' malcing hi^ speed reaction iSbo a 

There are basically two forms of inertial system errors- 
random and repeated.  Going through GPS to act as the true 
position, it is then possible to see how repeatable errors 
associated with inertial systems change as a function of time and 
maneuver movements.  Once GPS systems are lost, combined systems 
are capable of reversing themselves to make use of the inertial 
lU»f^  Jarr?in9 *?e errors.  However, they have already been 
reduced to where there are only remaining random errors. 

As is widely known, inertial systems on fighter planes play 
various roles—for example, course guidance, providing data for 
weapons release, flight control, stability sensors, as well as 
transmission alignment, and so on.  Among these, the first two 
roles are the most important.  Due to the fact that any one type 
of medium accuracy inertial guidance system is capable, in all 
cases, of providing navigational accuracy which is far, far in 
r^fJfi? ?Üat iS needed for fi9hter Plan« course navigation, as 
a result, the accuracy requirements with regard to fighter plane 
inertial guidance systems will primarily be determined by the 
accuracy of data required for weapons release.  These data 
include horizontal speed, vertical speed, as well as anqle of 
depression and angle of roll. 



to -tS^i^^eST^^l-?1'   I"6  iS made °f GPS data 

defensive penetr^^Lcfper^-Suf 2Vh
More?ver'   durin* 

severe jamming and disruption of GPS WH° 
the.^istence of 

defensive penetration periods    U ?! £unctl°ns~m maximum 20 min 
on inertial systemf^erSe      It    "7^ Possible to rely 

Table 1 
cSrac?er?st?csMUtUally ^««tary GPS and INS 

"($ ?od^\i^?^m?i°Sr°eUetPUt      "S VM" ^±tlon °UtpUt 

dimensions,  root mean square) n^Si1^*'   circular 

-Bounded position error ^       >        -iSe?t?Si   « Y ^Z'  ^Ical) -inertial sensors have drift 

-High precision speed outrmt     -Q«QO^ *1??L J. 

■&S&"dspen£ °n aÄt   -SS-IS^-iS^?ange 

-initialization not required ^,?iCS "°L=felate<ä 

rn oonjunotion,  canned "in Sf Sett1"9 °f initial 

initial alignment of inertial 
sensors. 

-cÄSinnuenoed £%?"       "StTSSSS *« «ta™a 

^^ÄS^S     Sgn-nda-Äent not 

Sä SSSSäS^—   ÄSÄ^gsr« .t d provided Axrcrart attitude, attitude 
change rate, and acceleration 

-Data replacement rate relatively -Da™ replacement rate high 

"Ävely ?o^1nregr??y
SeSeS   T^* ^^  —« y xow integrity        possesses relatively high 

integrity 

valuesna^ociarer^LS8!lLna?'^n "^ to arrive at «"»* 

ÄfroTÄ 
corresponding to dlfense LSe?^"^'  p°?ition Precisions 
he 3;4?6.3„ ilWS^SlS^^^^ »^^„-^ 
precisions corresponding to 4ft/s speed^rfors should be 4• 5-9.On 



mile/h (circular probability error).  The general case is that 
defense penetration times of 10-20 min, with a flight cross 
section of first attack/wheel/renewed attack, is more than 
sufficient.  As a result, making use of this time section in 
order to determine inertial navigation system precision 
requirements is very conservative.  The conclusion of analyses is 
that, when there is GPS assistance, 4-8n mile/h (circular 
probability error) inertial navigation system accuracies are 
sufficient to satisfy the weapon release requirements expected in 
fighter planes for defense penetration periods of 10-2Omin. 

At present, as far as defense departments with a global 
scope are concerned, they are all evaluating the potentials which 
combining GPS receivers and inertial systems together will give 
aircraft, missies, ground carrier vehicles, and ships.  The 
reason is that this type of combination will take the inherent 
high band width and low noise characteristics of INS and combine 
them perfectly with the low band widths and precision ranging 
capabilities of GPS receivers. 

(2)  Three Types of Coupling Methods 
In actual applications, there are three main coupling 

methods between INS and GPS receivers.  They are loose coupling, 
close coupling, and tight coupling.  In loose coupling of GPS arid 
INS, GPS receivers basically function as an autonomous 
navigational instrument.  They are capable—through automatic or 
manual methods—of supplying periodic position (or possibly 
speed) corrections.  This is one type of typical respectively 
independent level of combination.  The output characteristics 
will be better, in all cases, than any one independent system. 
However, it is only capable of utilization under conditions of 
low fuselage dynamics and low interference (for example, civil 
aviation aircraft).  In environments of high dynamics and high 
interference, GPS receivers are not capable of simultaneously 
tracking and querying the 4 satellites needed for a single 
navigation solution.  System precisions will drop down to INS 
short term precisions. 

In a close coupling type of GPS/INS, GPS receivers and 
inertial guidance systems respectively possess a Kaiman wave 
filter device.  They produce navigation (position and speed) data 
transmited through an MIL-STD-1553B data trunk line to any 
central computer. After that, they are then combined there with 
a third wave filter device. After opting for the use of this 
type of method, GPS and INS assist each other.  However, the 
precision of navigational solutions depends on carrying out very 
detailed processing on time synchronous data within these three 
wave filter devices. 

In tight coupling set ups, GPS receivers are made into an 
EGI (Embedded GPS-INS) system where a piece of circuit board is 
embedded into INS cases.  Independent Kaiman wave filter devices 
are used in order to take the original inertial measurement data 
(speed increments and attitude increments) and carry out tight 
coupling with satellite measurement data (pseudo range and pseudo 
range rate).  Due to the fact that what is coupled is measurement 

8 



data and not navigational data, it permits wave filter devices to 
be able to setup error models relatively accurately thereby 
making it possible to supply a continuous and accurate     Y 

satellites  S"-1™1 ^ %,***  field °f VieW ^ ^ller than 4 
usai^^eS-ineIrt\a\C%rsatCeYm^11 alSO ** "^ ^ that °btai-d 

(3)  Embedded GPS Inertial Systems (EGI) 

GPS inertiars?ft^^Tf0n-?rigati0n.SYStem called "embedded ™i^ 5-   system» (EGI) will very quickly achieve wide soread 
applications m military aircraft.  At the beginning of this 
lnZ'*£\l'l*  D?fe2Se De?artment indicated tha™S2  r Fo?ce will act as the lead service for this type of system  The 
ÜS J* applications of EGI are the various F-15A/B/C/D models 
3m ^lrJ°r?e Procureme"t Plan is for a total of around ?80 seis 
witlnn the 5 years after 1993 or 1994.  Followinq that th*v Sn i 

theTSfd JF* °ther ^°delS °f COmbat airc?:r?
g(fof 4xampLT111 the F-16). The reason is that these aircraft possess similar 

requirements in a great many areas. possess similar 

~»ix  Mutual compensation correlations clearly show that inertial 
guidance and GPS combinations are one type of ideal navigation's! 
design  Moreover, EGI systems where GPS receives antiken and 
installed inside INS cases, then, make this type of combination 
reach optimum performance.  The principal reason ?or ?he S S 
development of EGI is in order tS protect GPS encrypted P code 
«i9n-i-; Ü  WaS discus=ed before, the U.S. Defense Department 
^tSlt:^the SGnding °f sateHite data corrections to*userT 
outside the range of »reception authorized» GPS users in 

JSn??tl?n;-Where thSre are SA*  In actual implementation the manifestations are that the U.S. National Security AaeScv doL 
not permit GPS receivers that can supply P coäe service to 
provide precision pseudo ranges and pseudo range rales fo? 

drÄ011 data trUnk lineS °ut*ide thei/owS ctsel      Even 
™JHO 5rxn*thB  Process of transmissions to the outside, option is 
made for the use of secure trunk lines, when use is made of 

secure Vaitaiseoo«Li?Ck,the\UP' the Wh°le S*Stem ^in secure.  It is possible to make data security extend to 48 hoi,« 
fnfn ™n'  Moreover' if °ne takes GPS receivers anS embeds them 
into INS cases possessing appropriate shielding, then GPS osSudo 
ranges and pseudo range rates are then able to^carry oufdirect 
mixing with inertial data using relatively good time     /e 

oSain^he^i^r^r-^11 thSre are SA"-?t is So possible to obtain the full advantages of GPS and INS combination. 
The second cause is data gap problems.  One type of svstem 

^^"^Vi1? tigh- couPlin3 is capable of receiving   Y 
measurement data coming from any satellite that can bl qotten 

wha?enLHakl!?g GP5 data gaps reduce to a minimum.  ConvSeJy' 
what combination designs associated with loose coupling and close 

aco?ire94rsaLn^S GPS navi*ation data« When receivers cfnno? acquire 4 satellites, navigation data will be lost.  This is 
??iah?g oiS- than1

sayin^ tha* carrier dynamics, low altitude 
g!vgntrLre^^ constellations are all capable of 



The third reason is counter jamming characteristics 
problems.  Embeded type installations are better able to counter 
Damming than independent set ups.  A test was made making an 
aircraft flying at an altitude of 150m deal with a target equiped 
with a 2kW wide frequency band (20MHz) noise jamming device. 
This aircraft was equiped with independent INS and GPS systems 
Moreover, the receivers for which option is made are fixed 
reception pattern antennas (FRPA).  Test results were that it 
will—roughly within a range of 190km (equal to a M 0.8 flight of 
12min)—receive jamming.  However, using an embeded type set up 
and FRPA, these data will respectively drop to be 95km and 6min. 
When option is made for the use of a type of combination 
associated with controlable reception pattern antennas (CRPA) 
system counter jamming characteristics are able to improve  ' 
further. This is because CRPA antennas are capable of surveying 
Damming signals,  in conjunction with this, antennas are made not 
sensitive in terms of jamming direction.  Moreover, in combined 
situations, before aircraft emerge from jammer effective ranges, 
it is possible to use inertial guidance to act as the primary 
navigational means. 

The fourth reason is that inertial guidance systems 
associated with embeded GPS will be very greatly reduced in 
volume and weight as compared to independent GPS and INS.  Among 
certain delivery vehicles which stress weight, such as 
helicopters and missiles, this is an important factor.  For 
example, the H-764G combination system associated with embeded 
GPS and with the addition of FRPA has a total weight of 9.3kg. 
However, a type of set up including U.S. Air Force laser 
gyroscope standard inertial navigation instruments, independent 
MAGR model GPS receivers, added CRPA, and related antenna 
electronic circuits weighs 35kg (besides coaxial electric cables, 
it is capable of making the overall weight greatly increase). 

In summary, technology at the present time has already taken 
this step forward, that is, compact, light weight, and 
inexpensive GPS receivers have already been turned into ones 
capable of pluging into systems, and inertial navigation systems 
are nothing more than one of other systems of this type.  Embeded 
type GPS/INS has hopes in the future of further reducing 
dimensions, weights, powers, and costs.  As a result, one of the 
keys to continuous miniturization lies in the area of inertial 
sensors.  Besides this, although research associated with 
combination systems will be primarily used for military purposes, 
the spin offs, however, can be used in civilian aviation.  After' 
U.S. military aircraft, large model administrative jet planes and 
the majority of civilian jet planes can very possibly opt for the 
use of syntheses of GPS and inertial reference systems (IRS) or a 
type of combined IRS/ADS (atmospheric data system)/GPS system— 
for example, the French A321 civil aviation aircraft just opted 
for the use of the latter type of design. 

(4)  GPS Attitude Determination 
For a long time, all antenna systems took aircraft to be a 

point target in order to carry out measurements.  Moreover, the 
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acquisition of relatively accurate flight attitude data depended 
mostly on nonantenna instruments on aircraft.  In particular 
oP^r initial instruments.  However, with the introduction 
of ^%ltCh"?10^ to.the world-especially after the appearance 
?f differential carrier wave phase tracking technology in the 
InltilT  S~^her; WaS' startin^ fi"t of 111 from high Lve? 
institutes and schools, a surge of research associated with 
making use of GPS to measure aircraft flight attitude 

The technology associated with using GPS receivers to 
m]tZB  ^t^e measurements is called GPS interferometry.  its 
basic principle is the application of interference in anSnna 
waves associated with receiving antennas positioned at two o? 
more locations m order to accurately determine minute 
displacements associated with base lines connecting these 
?^Snas*  °n aifcr*ft, it is then possible to go through GPS 
interferometers to supply relative positions associated with 
antennas at various points on the aircraft.  The aircraft 
attitude xs then derived from these positions.  The foundation of 
this measurement is taking GPS measurement positioning accuracies 
and increasing them to cm or even higher orders of magnitude  It 
is only in this way that it is then possible to compare angular 
displacements of lines connecting phase centers of two reclivina 

lScation °n    Same baSS linS relative to the referent     * 

According to the most recent reports, GPS attitude 
determination has already reached the level where: 
r,^=o-iC7With regard to base lines with lengths that reach 30m, 
K££?*° precislons are lmrad(3.4').  If it is possible to 
actualize precise control of such things as multiple path 

refch O.'lmrad?113 ^^ locations' and so on, precisions can then 

—Correction rates are capable of reaching 1kHz.      /6 
--Initialization processes are calculated using s. 

«h™ +ZSt re<Z?nt  tests at the U.S. Stanford University clearly 
show that, after GPS is used to precisely determine aircraft 
5»«i^ ' a rf^eiver unit is capable of replacing over 50% of the 
functions in the current cockpit instruments.  During tests^V 
™ <-? J  n? eVe? and level antennas are respectively installed 
on the two wing tips of aircraft, the tip of the fuselage, and 
S^V* thS- vertical tail.  Normally, antennas can sie 5 
satellites  Moreover, 4 satellites can be used in order to 
precisely determine three dimensional positions. However test 

?;a™Un^nt-data^learly Sh°WS that' e^en if-when the aircrl?t 
™^a"e eJinr:there a?e a few satellites blocked, obtaining a 
D^rina ?he ^V- ?ol"tion>  however, only requires'2 satellites. 
^JV^ ?^Je teft measurement process, there are always at 
least 2 satellites placed within the range of the antenna fieid 
?£cr?r'

eZen dUf^ng ?harp turns and twisting maneuvers.  During 
??n!  i?htS' °?510n 1S made for the use of a 3m receiver base 
line.  The results are that attitude precisions are better than 
JA« 1*a^

ing,,Warp:Lng determinations are l.4mm. The obtaining of 
the latter datum is an unexpected aquisition, that is, when using 
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GPS to do measurements, deformations of aircraft structures 
placed under stress can be used as an accelerometer because they 
give precise measurements of wing warping in flight.  Tests also 
clearly show that taking GPS and using it as a course sensor is 
very attactive because it is not influenced by magnetic 
variations.  Speaking in terms of attitude sensing, GPS also has 
advantages.  The reason is that it will not be damaged because of 
drift associated with inertial systems or precession associated 
with spinning gyroscopes. 

Research results reported in early 1993 from Germany's 
Munich University are capable of representing the newest level in 
this technology.  They opted for the use of the newest DGPS/INS 
techniques and got high precision aircraft navigation system 
performance which was—position precision 5cm, attitude precision 
-j.06rmad(0.2').  The basic composition of this type of system is 
in flight DGPS which opts for the use of carrier wave phase 
fuzziness solutions and telemetry which opts for the use of new 
carrier wave phase corrections. Moreover, included among 
inertial system quick change algorithms there are compensations 
for circular conical and propeller error as well as aerial 
alignment capabilities possessed by inertial guidance systems. 

It seems that, at the present time, GPS attitude 
determination technology is just in the midst of the stage of 
going from laboratory development to engineering tests.  Once 
this technology has achieved a breakthrough, GPS functions will 
be added to by one.  The attitude data makes carrier bodies 
placed in motion then capable of completing alignment within a 
few seconds.  This is creating conditions for aerial alignment of 
aircraft inertial navigation systems.  GPS attitude determination 
is the use of a relatively low cost means in order to 
characterized aircraft attitude.  Besides this, it can also 
furnish to automatic pilot instruments high quality dynamic 
response data, thereby making it possible to produce even more 
effective corrections and to provide even more stable flights for 
passengers.  If GPS attitude determination functions are put into 
practical use, then the superiority of GPS and INS combinations 
will be manifested even more fully. 

(5)  GPS/INS Combination Guidance Is an Important Direction 
in the Development of Chinese Military Aircraft 

GPS/INS combinations are the biggest requirement in military 
terms.  The reason lies in the fact that this type of combination 
is capable of very greatly increasing system counter jamming 
capabilities.  In the last 10 years, the course of the 
development of inertial technology associated with military 
aircraft is primarily one of taking inertial technology as the 
basic means and using GPS to act as an external information 
source to carry out strengthening and improvement wiht regard to 
inertial navigation.  The U.S. Defense Department, in its most 
recently announced "Federal Radionavigation Project" (FRP) 
stipulates that "Positioning/navigation systems associated'with 
systems for military use will be based on GPS, which uses 
autonomous systems (including inertial, Doppler, and terrain 
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matching) as its foundation".  Even the u c m,--n+. 

rounlatiS *^?S f™ld use ineSi£%echno?ogyta?'thr'
S ltS 

aircraft should the£ be sSessed lven more *        9V ln "lllt,,ry 

The advantages of GPS/INS combinations are primarily 

"syrtemSlng C°Unter ja™in9 «P^ilitfe^fth1; entire 

"liS^a^^f^ir" a^isiti°» capabilities 
"S'inertlal'syste^01510" «"»i™-*- with respect 

fasterhdeve?opmStnofPS?na"sSi„Sia]
i9?ifiCa?Ce • "ith re9ard to 

very, very far from bei™ »KI. *»      ^ ■  I      ?    guidance systems is 
However,  GPS is oS cvS o? ~,5S sa*lsfy »ission requirements, 
mutual complemenralÄfIleus o? Sfano*™?1 fc"**" fes°ur«-    The 

SertialCSLSn1e°2H    f™^ 
ESST? sSS?W^'Ä5SffiS ff* 
with the three stages £^0«°      ^ °f Proceedin9 *» accordance 

*ssis£±nerrfÄ^Ä^^^^^orms of Gpf 

that are mS?Sallv LdeLn^iV      /n<? lner*ial guidance systems 

navigation'    The technllogiS? keyXtniS^1^ iegard *» 
establishment of models alsSlated with inertia! au?SiS 1S ^ 

relation611 " «^ ™* »"« SviSTSäÄr* ^^ 
H^2?"0«53:^^ «■and Quick 

oniy 5^: iXSi^^ss^ssa^gssic." i1?not 
possesses,  moreover,  crude navigational funcäSS^SS Sample, 
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navigational precision is 5n mile/h).  GPS acts as one type of 
speed assistance source, capable of making this type of 
combination system achieve very great improvements in terms of 
position accuracy, thereby making the entire system reach 
inertial navigation system performance levels.  Moreover, the 
price is only 1/4 - 1/5 that of the same type of inertial 
guidance system.  Aircraft not eguiped with inertial guidance 
systems (for example, light combat aircraft and the majority of 
helicopters) could possibly reject the reception of INS/GPS 
combinations.  However, opting for the use of GPS in combination 
with a type of light, convenient, and inexpensive guick connect 
course and attitude system is then relatively easy for this type 
of aircraft to accept. 

China's flexible gyroscope technology was an important 
breakthrough during the period of the "75M plan.  The guick 
connect type navigation and attitude system which was constructed 
using this was also successful in preliminary development. 
Therefore, taking it and creating a system with GPS would not be 
too difficult in technical terms.  However, in the retrofitting 
of Chinese helicopters and light combat aircraft, there will be a 
very large market.  In this way, not only are market demands 
satisfied, it will also make different standards of inertial 
systems exert effects in applications at different levels. 

((3))  Research the Timely Development of Embeded Inertial 
Systems (EGI) 

The status of U.S. EGI development has already been 
introduced above.  In recent years, primarily the European 
inertial navigation manufacturing companies have also accelerated 
the creation of this type of system.  However, their nations 
still hold reluctant attitudes at the present time with regard to 
opting for the use of this type of technology.  For example, the 
French air force has already installed independent GPS receivers 
on its new dogfighter aircraft.  After that, data goes through 
trunk lines and a communications link is set up with navigation 
systems.  The initial plan of the British Royal Air Force is also 
to select a type of improved INS and independent GPS receivers, 
in this way, using the two case loose or close coupling designs. 
The primary reasons lie in the costs of these combination 
designs, which will be lower than EGI systems. 

Limited by U.S. policy regulations, China is not able to 
make use of P code receivers.  However, we can go through 
research on EGI systems in order to offset the influences of SA, 
thereby making the precisions associated with combination systems 
which opt for the use of C/A code receivers go up, in conjunction 
with this, very, very greatly reducing cost/benefit ratios.  We 
can draw lessons from such nations as the U.K. and France, 
beginning the development of EGI research on the foundation of 
experience with combinations which has already been obtained. We 
are capable of procuring GPS sensors from outside of China to 
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manufacture embeded type GPS receivers,  in conjunction with 
tnis, use is made of development results for Chinese laser 
?or=^°P5S SK0 °Ptl(?al fiber gyroscopes to create EGI--in order 

satisfy the requirements associated with a new generation of 
combat aircraft. 

3 Newest World Technologies Associated with Tracking GPS Field 
Approach and Landing 

In recent years, civil aviation circles and industrial 
circles have studied a good number of techniques to strengthen 
problems surrounding GPS use in precision field approach and 
landing flights.  Among these, difference GPS (DGPS) technology 
is only one type of concept for GPS use in increasing the 
assurance of field approaches and landings. At the present time 
it is universally acknowledged that these strengthening 
techniques already have no problem with the area of making GPS 
achieve the accuracies required for precision field approaches. 
±ne actual problem at the moment is the integrity and continuitv 
of service as well as how to make use of practical methods in 
order to reach these performances,  in view of this, the FAA has 
already begun a three stage plan in order to speed up progress 
toward GPS equipment used for precision field approach 
navigation. ** 

(1)  GPS Aviation Application Schedule 
H^^J" 

Demf^r 199?' the FAA Promulgated a technical standard 
directive TSO C-129 in order to provide a loophole for aviation 
!?? ™tl0nf °f GPS*  The current C-115 standard requires that 
all GPS systems that satisfy this level should, in all   /g 
cases, carry out cross monitoring and control with regard to 
their performance.  The method is to opt for the use of 
fir  is1?h21rI1^ogati0? fystems to act as reference.  However, as 
far as the C-129 regulation is concerned, all systems which 
satisfy its performance and utilization standards (including GPS 
SEJEIT^ al&  permited to unction as complementary navigational 
so as L  oni-tJ^soceanic and ^inland flight routes and terminals 
so as to opt for their use.  »Complementary» has a loose type of 
?na?JSg' * at if' °n the outside chance that malfunctions appear 
in GPS, aircraft are only required to rely on VOR receivers to 
act as spares.  On the basis of the requirements of TSO C-129— 
with respect to in flight and terminal utilizations—full 
dimensional deviation is 5n mile.  For use in field approach 

lt^rS1?^^ 1S*in mile*  J; final field aPProach positioning, 
o oi?^'»?!  /f;K ^ 

ruiway entry locations, it is reduced to 
0.0576n mile (105m).  In comparision to GPS receiver precisions 
set out in Table 2, it is clearly shown that-opting for the Sie 
SreSSiSTSw* technologies-GPS has the capability to reach 
precision field approach accuracy requirements associated with C- 

In order to speed up the turning of GPS into civil aviation 
U?!«r°2 I  foundation of the c-129 regulation—the FAA took the 
standard and divided it into three stages.  In conjunction with 
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this, GPS is permited to be used, step by step, in all phases of 
nights—m flight, transoceanic, terminal area, as well as 
nonprecision field approaches. 

On 9 June 1993, the FAA announced a decision with milestone 
significance, that is, U.S. fliers can make use of GPS 
navigational signals in all phases of flight to act as a 
complementary navigational means.  The first phase of the three 
phase plan begins with this.  It represents the U.S. taking the 
first step toward aviation applications of navigation systems 
based on GPS satellites. 
*-, • JEhe rou<3h. meaning of Phase I is to premit—under instrument 
flight regulations (IFR)--the primary utilization of GPS to 
complete nonprecision field approaches as well as flights on 
mainland and transoceanic routes.  However, it is necessary to 
satisfy the three conditions below. 

((1))  On aircraft, other already approved navigational 
systems must be installed—for example, dual inertial systems or 
dual omega systems.  This traditional navigational equipment is a 
complementary foundation to act as a spare for GPS in order to 
guarantee the operations. 

((2))  As far as GPS field approaches are concerned, it is 
necessary to superimpose navigation systems based on the ground. 
That is also nothing else than saying that pilots flying GPS 
superimposed field approaches must monitor and control already 
approved non GPS navigation equipment. Ground equipment used in 
overlapmg instrument field approaches are primarily such ones as 
Fuer (phonetic), Takang (phonetic), nondirectional beacon (NDB), 
as well as regional navigation, and so on. 
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Table 2 C/A Code GPS Reciever Positioning Accuracy 
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Key:  (l) Receiver  (2)  Code Following (2 Channel)  (3)  Carrier 
Wave Phase Tracking (12 Channel)  (4)  Smooth  (5)  Moving  (6) 
Selected Availability (SA)  (7)  Local Difference  (8)  Typical 
Precision 

((3))  GPS field approaches must be plugged into avionics 
equipment data bases.  Moreover, field approach course points 
must be automatically displayed in a continuous sequence. 

By the time of the public FAA announcement on 9 June 1993, 
the FAA had already made use of GPS to carry out 5000 iterations 
of nonprecision field approaches at 2500 domestic airfields. /10 

Phase II is projected to begin in November 1993.  At this 
time, the Department of Defense will announce that GPS has 
achieved initial operating capability (IOC). As far as the so 
called IOC is concerned, what is indicated is that, at the 
appointed time, the complete 24 satellite constellation (21 
operating satellites and 3 "hot spare" satellites) will be in 
operational configuration.  Within a 24h global range, it will be 
possible to obtain adequate GPS signals so as to reach 100m level 
positioning accuracies (within 95% time periods).  If signal 
availability drops somewhat, the U.S. Defense Department will 
make a public announcement at least 48h beforehand.  As compared 
to the other type of capability, what is called full operational 
capability (FOC) is made use of purely to supply military 
subscribers.  It will be brought up later. 

In Phase II, if airborne receivers possess "receiver 
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autonomous integral monitoring and control" (RAIM) capabilities 
or equivalent GPS integral monitoring and control, then, pilots 
have no need to monitor other ground based navigational 
equipment, and option is made for the use of GPS to act as the 
primary flight guidance in order to make precision instrument 
field approach.  However, at this time, GPS field approach will 
still be overlaped by a ground based navigation system.  We 
mention this in passing and will refer to it later.  The 
presupposition for the drawing up of standard C-129 is RAIM. 
This is a complicated software program.  All GPS receivers for 
which option is made in IFR field approach will opt for its built 
in use.  The reason is that it is capable of providing self- 
diagnostic capabilities in order to guarantee the integrity and 
precision of GPS satellite transmissions. 

With the arrival of Phase III, pilots will opt for the use 
of GPS receivers already equiped with RAIM.  Ground based 
navigation equipment will be eliminated. As far as GPS field 
approach is concerned, it will be included in the topic of 
instrument field approach, that is, it will be permissible to 
completely use only one means, opting for the use of TSO C-129 
equipment to use in navigation and nonprecision field approaches. 
The time table associated with phase III has still not been 
precisely determined.  However, the last date for procurement to 
be used in class I instrument landing systems (ILS) is projected 
as 1995. Moreover, 1995 is the date that the U.S. Defense 
Department plans to reach GPS satellite constellation FOC.  At 
this time, GPS systems will be capable of replacing one among the 
other long range navigation systems which have already been 
approved. Moreover, speaking in regard to certain short range 
transoceanic flights, which only require one long range 
navigation means, it is then possible to only opt for the use of 
single GPS systems carrying RAIM. 

What Table 3 presents is a possible development schedule 
announced by the FAA for precision field approach navigation 
systems at the 25 March 1993 international "Future of Precision 
Landing Systems" conference.  Table 4 is the implementation 
process planned by the FAA for GPS applications in aviation as 
announced in August 1993.  In accordance with the schedule at the 
present time, in 1988, the MLS (microwave landing system) will 
become the global standard for precision landing. However, the 
previous generation ILS will still be around for approximately 5 
years in order to guarantee a smooth transition.  At the present 
time, there are more and more people supporting opting for the 
use of navigation based on GPS in order to take the place of the 
expensive MLS.  However—even though GPS is only capable of 
supplying service levels which approach level I MLS—the 
objective of the FAA is primarily aimed at taking GPS and raising 
it to standards equivalent to MIL II level.  From Table 4, it can 
be seen that the year 1993-1994 is the key year for GPS aviation 
applications.  Acting as a type of "complementary" navigation, it 
will enter into various stages of flights.  Moreover, navigation 
performance is projected to completely attain ICAO requirements 
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by the middle of 1995. 
(2)  GPS Strengthening Technologies Under Development 
The challenge that the FAA faces is whether or not it is 

able to opt for the use of GPS to carry out I, II, and III level 
field approach.  However, in recent years, GPS strengthening 
technologies have achieved great development.  As a result, the 
FAA is full of information with regard to this.  Below, there is 
a simple introduction of a few types of GPS strengthening 
technologies which have the possibility of speeding up the 
realization of GPS precision landing. 

Table 3 Development Schedule for Precision Field Approach 
Navigation Systems 

1992-1996 
1994 
1995 
1995 (approx) 
After 1995 
1997-2000 
1998 
1998-2005 
1998-2005 
1988 

Microwave Landing System (MLS) Development 
GPS Level I Demonstration 
GPS Specialized Level I Operation 
GPS Level II/III Feasibility Determination 
Bare Minimum Amount of ILS Installation 
255 MLS Ground Stations Set Up 
GPS Complementary Level I Operation 
Level I Operation with GPS as Sole Means 
ILS Begins Elimination 
MLS Begins ICAO Transition Period 

Table 4 Implementation Process Planned by FAA for GPS Aviation 
Applications 

(D*t£i5fra i3*- 
1991 & 1992*1 1993* s?   ff ffl €>  S> G> 9 S) 1994 * I 1995 *    1996 #i 1997 W' 1998 ^1999 *   2000 * ! 1W&T 

A 
A   ! 

*   !   A 

i   A 
O   I 

a 

(2) &: * GPS ft£*£#«S9tttt»A   A GPSfls*#X*tt 
a GPS fl£%J0F£$ft9Altttffitti|S   H jg=f 1 Sß9 GPS #8 
O trtrttttfi 

Key:  (l)  Aviation Phase  (2)  Year  (3)  Transoceanic 
Routes  (4)  Land Routes  (5)  Terminals  (6)  Nonprecision Field 
Approach  (7)  Level I Precision Field Approach  (8)  Level 

19 



™,^^I1Precision Fi<rld APProach (9)  Note:  (star)—GPS acts as 
multiple sensor navigation input  (triangle)—GPS acts as 
Sv?iS??£«ar? MVi9atifn  (square)-GPS acts as strengthening for 
navigation characteristics required   + —Used in level I GPS 
strengthening  (circle)—Determination of feasibility    /n 

((1))  Difference GPS (DGPS) 

*M^l\th?-PaStJeT  years' lar9e amounts of experimentation and 
rugnt testing which have been carried out clearly show that DGPS 
has very great potential in the area of increasing GPS 
positioning accuracy.  Moreover, it is also capable of being used 
in order to detect and compensate for satellite malfunctions in 
Ittl    imf'"  ?,* result, it possesses important significance with 
respect to guiding aircraft to automatic landings. 

NAIC-ID(RS)T-0059-96.1  /ll 

The definition of DGPS is opting for the use of a type of 
stationary, ground based GPS receiver (GBR) the antenna position 
of which is determined to reach cm levels of accuracy  it is 
used in order to precisely determine satellite clock errors, 
atmospheric errors, and position errors. After that, these 
correction values are taken and—making use of data links—are 
transmited in real time for the airborne receivers (ABR) within 
its coverage region, making the latter use these data in order to 
correct their own positioning solutions, achieving the objective 
of improving their own positioning accuracies. 

The characteristics of DGPS are: 
—comparisions are carried out of reference 

measurements with measured positions; 
—users opt for the use of corrections (users and 

references opt for the use of the same satellite); 
—common errors are eliminated (offset errors are 

greatly reduced). 
The principal sources of errors associated with DGPS are 

noise and multiple paths. At the present time, a good number of 
receivers already have effective wave filter technologies to 
reduce this type of noise influence.  However, multiple paths are 
still an important obstacle.  This is particularly the case in 
precision navigation applications on the ground or approaching 
the ground.  However, in international terms, a type of optimal 
DGPS receiver structure which was most recently put forward- 
multiple path determination delay locked circuits—has a 
possibility of making this problem reduce to controlable levels 

The concept of macrozonal difference has also gotten studv 
in recent years—for example, the Inmarsat-3 satellite was 
prepared to broadcast difference corrections for civilian GPS 
users.  The first Inmarsat-3 satellite is projected for launch 
into geosynchronous orbit at the beginning of 1995.  It can be 
used in order to broadcast the same kind of GPS signals.  The 
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functions which this type of signal can provide are- 

«IcJSSTSS päiS0 ran9S t0 thiS Satellite to — ^ 

-»SS-SfeS SSS2^*^^ ssSiSIS!-^ 

r^asoTT T «^ SsiÄing accurac^ KL 
thfD

0enienSeC0SeparteLSnt
haS alSO "•» P™°keä ^„een^erl and 

attend™ reC!?tly'  engineering circles have paid very areat 
toSSS!" ae^ealon"^"^^0»^131/" —* a-Ät„aregard 

offrcrals have brought up the necessity of forcino ?h» r, 2    * 
force ^oSÄf an.^—tional  treaty tnaTnÄding *° 

((2))  Carrier Wave Phase Tracking       «^lenges. 
This technology achieves submeter level nocHt-i^-ir,« 

groundesSta?foni0nKdata C°»4^°» severafsa^elUres^nd^" 

P    ?h"'type £U£B!?
1^Ca\th? bS Precisely determined. 

Dhase tranV?S« /        1Ch °pts  for the use of carrier wave 
KSrlase^c^ 
at the end of 1994    viJ*-?5»i       es*:il?ates of research personnel, 
4m.     in «95    thev'wni ^hPrC1SiSnS Wil1 be made to rea<* 2- 
well »?*£?«*»,«?? ^      reacl? less than lm>   thus placing verv wen within the limits associated with lev4l  TTT i^t™      m, ^ 

carrÄvfohase3? V ?"*• ^^ÄCSÄ 
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((3))  Kinetic GPS Landing System (KGLS) 

for l^?1
T
r??!?^DGPS iS caPable of supplying adequate precision 

fS~™f   J *  approach-  However, vertical precisions are 
forecast as being 3m-5m--not adequate to satisfy relativelv low 
So^es^TV1 and level."I ending requiLrnlnS^LsT 
two types of landings respectively require 1.8m and 0.6m 
precisions^ However, KGLS is capable of making DGPS system 
precisions increase.  Altitude errors associated with test 
flights do not reach 0.3m. 

fll^>,fGLS Is caPable ?f increasing positioning precisions a step 
5^2 J"  w6 rSaSun ,1S that Lt  °Pts for the use ot  carrier wave phase tracking technology.  Making use of this type of carrier 
wave modulated code signal, it is possible to use them in order 
to calculate "whole number period fuzziness» problems.  The 
motions of satellites themselves in orbit as well as relative 
movement between satellites and aircraft make the GPS signals 
received by GPS receivers on planes produce Doppler frequency 
shifts.  The cause of this is the formation of whole number 
period fuzziness, thus influencing positioning accuracy. 

In March 1993 at the second annual difference satellite 
navigation meeting, the U.S. Stanford University put forward the 
concept of what was called the »Stanford bubble», which™* 
nothing else than this kind of system.  It opts for the use of 
S?o?r    ESf?d° satellite transmiting stations and one ground 
reference station.  The former send out false GPS satellite 
signals.  The latter simultaneously receives true GPS signals 
(with frequency deviation) and false GPS signals (without 
frequency deviation).  After correlation, they are sent out again 
to aircraft approaching fields.  Due to the position of the 

lt°l£ ™«?Mo itSHXf bein? already Precisely known, as a result, 
it is possible to help on board GPS systems increase positioning 
accuracies  Low power (a few mW) is the key to this concep?? * 
^?™nairraJJ are P°sltloned close by, low power transmission 
eliminates the problem of GPS satellite transmissions possibly 
being cut down by false satellite transmissions.  Besides this 
low power also produces clear regional characteristics,  it is' 
only when signals are within the region in question that it is 
then possible to receive them. 

((4))  GPS Relative Guidance Systems 

But»!f??^1^ t5e fa°^ ^hat difference GPS has alre*dy become the s™llite based precision landing navigation method which 
attracts the most attention, the relative navigation, however 
which industrial circles most recently put forward is also 
capable of achieving DGPS navigation results.  The foundation of 
■^tive navigation 1S that' knowin<J the relative positions of 
GPS receivers on an aircraft and receivers of a target airfield 

o? eachgreceive?.m°re precise than knowing the absolute positions 

receivTrSI a^ual applications, aircraft approaching fields must 
S2S J    satellite signals to precisely determine their own 
absolute position.  Signals sent out by airfield beacons are 
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received to precisely determine the relative positions of 
aircraft and airfield.  After comparing thltwo it is 2L 
possible to calculate out vectors^ aLcraÄativ! landing 

One of the advantages of relative navigation is thai- *ho>-0 

onS ? g°?K deal 0f exPense an<> calculationtime! Mrcraf? 

commercial airfieS  If'"rSSFV***^i, °r te»P°"^/" 

weacons must track the same satellite. As a result th!2 
need to coordinate consistently. result, there xs a 

show that^hi0^6-*• WhiC5 haVe alreadY been completed clearly 

to AÄSÄas?1-to — 
^a* T^F"^^^^^ 
landfn« ^hS P?osP??ts *« near term GPS use in precision 
landing, there is still a divergence of viewooints 

irr^^^ s,«s=t2^T^'ssrs? 
Br???«?*f;**i 5 e"S Wl11 make use of GPS field approach? The 

the D K  nSf ^ -      dVe to a 9reat deal of bad weather in 
r£t  f,:o,'/i    second reason is that the date for utilization of 
for ehe u K^SerL™ ?"* ^^^    This wil1 bs an enoSous rfsk 
at tS ™™f;*. Germ?"y ls Preparing to accept GPS landing, and is 
St^SS&.'Ä.äSSE.0' StePPed "P *—«* -"oSiaSS 1S' 
these^less^r^7 ^S-1?! civil av«ti°n airfields.    Among 

MrfSdJ ?r^ con?tructl°" improvements to the lieWs? ' 
even more aLcr^be™ * ot

r
lac^^ "ave no „ay to iccomodate 
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technology.     GPS precision landing technology is caoable of usinc 
aXre!S?ty iTftr^l *?*** automatic lanaLgScaptbmt°es? "S 

sSa^^fSTiSStSr1 to speeding up the ^°°p-tes
of 

The FAA has already recommended to the ICAO that in +h* 
oro^oLr1?^011 ^Y^icn ■***» (FANS) , which is vigorSuSy 
K ?°r?i'-fUtUre °1Vl1 aviati°n navigation missions bl undertaken 
rLr^niiteS' /he FAA believes that satellite navigation 
represents one type of opportunity.  Through opting for the use 
of a type of interchangeable receiver, it is possible to make 
civil aviation operations standardized at any local ty on ?he 
globe  The FAA also clearly put forward:  4he p?inciPa? sinale 
aannlf 10n.^^em of the 21st century will be proviSe^by ?he* 
global navigation satellite system (GNSS).  Satellite naviaa?inn 
systems are capable of leading to the discontinuing of cur?ent 
^f^t^hY national airsPace ^ound equipment. - Although? at 
the present time, GNSS is still in the early stage of 
Zt^i1°Jmen^' lt  is' however, providing a national standard as 
f?tiha using economic methods to guarantee that all phases of 
fn It    ^rations obtain high precision positioning information- 
canSo?abeh^ouEt°eSd?SSeS ^^     As a ~sult, thL great tre^d 
should, as early as possible, begin to get on track with the^1™ 
international civil aviation market.  This is no? only a task for 
?nS^aV1?tl02 de?artments-  It is also a mission ?Srour 
JEf 2 Sa- and sclentific research departments.  First of all is 
the drafting of a unified program for the development of China'! 
a^iiCa^10^°J GPS in Civil aviation.  m conjunction with t£L 
there should be no break in the line in terms of research 
associated with GPS precision landing.  The General Aviation 
tes?SflXh^PanY has a f°^dation of studies, experiments and 
It is no^d%h;?°°iat^d1

With GPS landin9s of more than two years. 
SiHn„ 3??? t    V* Wl11 be P°ssible to create conditions for 
taking this tracking and testing work and carrying it out 
further  Otherwise, the gap with the international/wSich is 
basically not large, will grow bigger. This is ver^' regretable. 

4 Brief Summary 

Personages in global aviation circles and industrial circles 
™niT?rSally beiieVe that global communications, navigation? and 
monitoring systems based on satellites will become the key to 
improvements in global civil avitation industries.  In 
conJunctlon *ith this' they wil1 verY' verY greatly give impetus 
to the development of military aviation. As a result, Chinese 
Gprav?^-and devff°Pment work associated with the d^velopmSntof 
GPS aviation applications is correct and timely 

To summarize what was described above, considering it from 
the overall factors, the author believes that, in GPS aviation 
applications, there is a need to stress: aviation 
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«»„• (i-  SfiZe °PP°rtunities to study GPS/INS combination 
navigational systems using inertial navigation as their 

inertSl^viaa^nn1? reas?n'.sPeed UP the development of Chinese 
££5[» ? navi^ation technologies.  Promote breakthroughs in kev 
»SSS? gieSiassociated with airborne inertial system?, thereby 
adapting early on to requirements of various types of Chinese 

SiiSHoS SSS alrCraft Wlth regard t0 danced Chl7lS4e 

ianrn£Ki°r?.iniZe  erer9ies to track and test GPS precision 
lnrl~l+ flightf'.   see*ing out domestic users to provide aircraft 
oSL^-  options, airfields, and potential markets.  The 
objective is to complete, within the next 3-5 years, the entire 
process of GPS precision landing refit-test flight--inItalli?Ln 
u?ta™??ft' *? 0rdfr t0 facilitate not losing the oppoKun^v ™ ultimately capture the domestic market. ^unitv to 

*h« T
(
V     

Pa^ close.attention to the FANS project, carried out bv 
the International Civil Aviation Organization (ICAO) Y 

rb?Sgtheni?g sch?larly exchange activities inside and outside 
nuJJhf/61 aS information tracking and research,  strive to 
put the development of Chinese civil aviation activities into 
large international civil aviation programs early on SkiSa 
China's aviation enterprises really move toward the world 
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